Specific procedure each fracture (F) of the fracture network in fracture elements (R) (Such as rectangles for example) and defining nodes N representing interconnected fracture ele ments in each layer of the medium and determining fluid flows (steady-state flows e.g.) through the discretized net work while imposing boundary preSSure conditions and fluid transmissivities to each couple of neighboring nodes. The method allows for a Systematic linking of fractured reservoir characterization models with dual-porosity simulators in order to create a more realistic modeling of a fractured SubSurface geological Structure. The method can be imple mented for example in oil production by reservoir engineers for obtaining reliable flow predictions. Sheet 1 of 8 6, 023, 656 6,023,656 TO DETERMINE THE EOUVALENT PERMEABILITIES OF THE MEDUMN  THREE ORTHOGONAL DIRECTIONS. 1   METHOD FOR DETERMINING THE   EQUIVALENT FRACTURE PERMEABILITY   OF A FRACTURE NETWORK INA  SUBSURFACE MULTI-LAYERED MEDIUM   FIELD OF THE INVENTION The invention pertains to a method for determining the equivalent fracture permeability of a fractured network in a Subsurface fractured multi-layered medium useful for cre ating more realistic modeling of a fractured SubSurface geological Structure. The method can be implemented for example by reservoir engineers for obtaining reliable oil flow predictions.
PARTITIONING EACH FRACTURE N A SERIES OF RECTANGLES (R) LIMITED ALONG SAID REFERENCE AXIS BY TWO ADJACENT LAYERS (L) AND ITEMIZING THE RECTANGLES BY ASSOCIATING THEREWITH GEOMETRICAL AND PHYSICALATTRIBUTES (COORDINATES AND SIZES OF THE RECTANGLES AND HYDRAULIC CONDUCTIVITIES OF THE FRACTURES) POSITIONING NODES (N) IN EACHLAYER FOR ALL THE INTERCONNECTED FRACTURES (F) FOR ALL THE COUPLES OF NEIGHBORING NODES, CALCULATING TRANSMISSIVITY FACTORS AND SOLVING FLOW EQUATIONS

BACKGROUND OF THE INVENTION
Fractured reservoirs are an extreme kind of heterogeneous reservoirs, with two contrasted media, a matrix medium containing most of the oil in place and having a low permeability, and a fracture medium usually representing less than 1% of the oil in place and being highly conductive. The fracture medium itself may be complex, with different fracture Sets characterized by their respective fracture density, length, orientation, tilt and aperture. 3D images of fractured reservoirs are not directly usable as a reservoir Simulation input. Representing the fracture network in res ervoir flow Simulators was long considered as unrealistic because the network configuration is partially unknown and because of the numerical limitations linked to the juxtapo Sition of numerous cells with extremely-contrasted Size and properties. Hence, a simplified but realistic modeling of Such media remains a concern for reservoir engineers.
The "dual-porosity approach as taught for example by Warren, J. E. et all "The Behavior of Naturally Fractured Reservoirs", SPE Journal (September 1963), 245-255, is well-known in the art to interpret the Single-phase flow behavior observed when testing a fractured reservoir. According to this basic model, any elementary Volume of the fractured reservoir is modeled as an array of identical parallelepipedic blocks limited by an Orthogonal System of continuous uniform fractures oriented along one of the three main directions of flow. Fluid flow at the reservoir Scale occurs through the fracture medium only and locally fluid eXchanges occur between fractures and matrix blockS.
Numerous fractured reservoir simulators have been devel oped using Such a model with Specific improvements con cerning the modeling of matrix-fracture flow exchanges governed by capillary, gravitational, Viscous forces and compositional mechanisms, also the consideration of matrix to matrix flow exchanges (dual permeability dual-porosity Simulators). Various examples of prior art techniques are referred to in the following references. Thomas 
SUMMARY OF THE INVENTION
The invention deals with a method for determining the equivalent fracture permeability of a fractured network in a SubSurface multi-layered medium.
The method distinguishes in that it comprises the Steps of: discretizing the fracture network in fracture elements (Such as rectangles for example) and defining nodes representing interconnected fracture elements in each layer of the medium; and determining fluid flows through the discretized network while imposing boundary pressure conditions, and fluid transmissivities to each couple of neighboring nodes. The method can be more precisely defined as including the Steps of:
partitioning the medium in a set of parallel layers each extending in a reference plane perpendicular to a ref erence axis and defined each by a co-ordinate along for all the couples of neighboring nodes, calculating transmissivity factors and Solving flow equations to determine the equivalent permeabilities of the medium in three orthogonal directions. In a preferred embodiment, equivalent permeability of the medium includes directly determining equivalent permeabil ity anisotropy tensor and calibrating absolute values of permeability from well tests results.
The method as Summarized allows for Systematically linking fractured reservoir characterization models and dual porosity simulators in order to create a more realistic mod eling of a fractured SubSurface geological Structure. The method can be implemented for example in oil production by reservoir engineers for obtaining reliable flow predic tions.
BRIEF DESCRIPTION OF THE DRAWINGS
Other features and advantages of the method according to the invention will be clear from reading the description hereafter of embodiments given by way of non limitative examples, with reference to the accompanying drawings FIGS. 6, 7, 8, and 9 schematically illustrate computation of transmissivity factors for different positions of nodes with respect to one another or with a boundary.
FIGS. 10A and 10B illustrate the method of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The equivalent permeabilities of a 3D fracture network is determined hereafter by using a numerical technique based on the known "resistor network' method as shown for example in the prior reference to Odling, N. E. In the present method the matrix is Supposed to be impermeable in order to be consistent with the dual-porosity approach. In reservoir Simulators, matrix-to-fracture and matrix-to-matrix flows are actually computed Separately from fracture flows.
The 3D fracture network considered is assumed to rep resent in a Volume equal to a reservoir cell the real distri bution of fractures given by integration of fracture attributes of the field in a characterization model. The main objective of Single-phase flow computations on the 3D fracture net work is to evaluate the equivalent permeability anisotropy (KV/Khand Ky/KX) of the fracture cell considered, which is an important parameter controlling reservoir multiphase flow behavior. The equivalent permeability values drawn from Such computations would in practice be compared with the results of well tests in order to calibrate fracture attributes Such as fracture hydraulic conductivities (or equivalent hydraulic apertures), which may be poorly defined a priori.
In addition, equivalent permeability results can be used to determine a permeability tensor, the main directions of which enable an optimal orientation of the reservoir model grid. However, to obtain Such information, Specific bound ary conditions are required. Lateral no-flow boundary con ditions imposed on the four lateral faces of the parallelepi pedic Volume Studied do not give access to non-diagonal terms of the equivalent permeability tensor, whereas linearly-varying potentials (or pressures) on lateral faces enable to impose the direction of potential gradient within the anisotropic medium and to directly derive non-diagonal permeability terms from lateral flow rates.
The Before developing the procedures recommended to deter mine equivalent hydraulic parameters of 3D fracture images, an important Step is to define first a common input data Structure for these images, So that they can be processed independently of the processing tool used to generate them.
As shown on FIGS. 2, 3, fractures F are assumed to be Substantially vertical (i.e. perpendicular to the layer limits).
However, a Same data structure can be applied to fractures slightly deviating from the vertical direction. The 3D image is discretized vertically complying with the actual geological layering if Such information is available. If not, any arbitrary discretisation is applied to the image. Each horizontal layer L is characterized by its vertical coordinate ZL in the reference system of coordinates (OX, OY, OZ). by the relation c=k.a where k=a/12 (using Poiseuille's idealized representation of fractures) is the intrinsic permeability of the fracture and a its equivalent hydrau lic aperture a. The hydraulic conductivity c is a refer ence value given for a direction of the maximum horizontal StreSS parallel to the fracture direction; the two upper and lower neighboring rectangles UR, LR; the fracture set FS to which the rectangle considered belongs to; the orientation angle C of the direction of maximum horizontal stress taken from (OX) axis in the reference System of coordinates, for each fracture Set, a correlation table correlating 1) the angle between the direction of maximum horizontal stress and fracture direction (azimuth) with 2) the hydraulic conductivity c or equivalent hydraulic aper ture C. previously defined. "Horizontal" and "vertical" Stand in the context for directions respectively parallel and perpendicular to the limits of layers which here are assumed horizontal. Layer limits discretise fracture planes in the <<verticald> direction. It must be pointed out that the aforesaid input data 1) are Suitable for all the existing Software tools used for characterizing and generating fracture and 2) could be used to discretise a network of slightly non-vertical fractures, i.e. not per pendicular to layer limits.
OPERATING PROCEDURES
Starting from the So-codified 3D image, operating proce dures and validation tests of the method for computing permeability anisotropy of the fracture network taken as a whole, will be hereafter presented. The numerical procedure to calculate the equivalent permeabilities of a 3D fracture network is described.
The problem is to find the flow rate distribution in the network for the following boundary conditions on the limits of the Studied parallelepipedic Volume i.e. fixed pressures imposed on two opposite faces and pressures varying lin early on the four lateral faces (between the values imposed on the two other faces). 
2) Calculation of Transmissivities
A transmissivity factor T is calculated for each pair of connected nodes using the relation:
where c is the fracture hydraulic conductivity, k, the fracture intrinsic permeability, a, the fracture aperture; h, the fracture height, and l, the distance between two fracture nodes.
Different Situations have to be considered according to the respective position of the two nodes. For nodes within the same layer (FIG. 6) , the horizontal transmissivity factor T is obtained directly as the distance (11+12) separating the two nodes in the flow direction (FIG. 7) . For nodes in two different layers (FIG. 9) , the vertical transmissivity factor is the arithmetic sum of the transmissivity factors (T+T") referring to the two fracture plane elements of the Superim posed fracture cells. It involves a flow length equal to the half sum of the two layer thicknesses hl and h2. For additional nodes as previously defined, connected via a Single fracture plane, a single transmissivity factor is calcu lated for this fracture plane element.
The transmissivity factor T between a node and a limit of the 3D volume Studied is expressed in a similar way as between two nodes, with the following two cases.
For a lateral vertical limit, the transmissivity factor T can be expressed directly for a single fracture plane element (FIG. 8) , and as the sum of two transmissivities if two fracture planes link the node and the limit.
For a horizontal bottom or top limit, the vertical trans missivity factor can be expressed considering a flow length equal to half the layer thickness (FIG. 9) .
3) Flow Equations
At Steady State, an incompressible Single-phase flow through the fracture network is determined by Solving a Set of n equations. One for each node, as well known in the art. Each equation expresses that the total flow rate is Zero at each fracture node. For calculating a permeability tensor, it is considered a constant preSSure is imposed on each of the upstream and downstream limits. A pressure varying linearly as a function of the position between upstream and down Stream limits is imposed.
The matrix of equivalent permeability (Kij) previously determined is diagonalized to calculate the principal direc tions of flow with the respective equivalent permeabilities in these directions.
In practice, the problem is often limited to that of finding the principal horizontal directions of flow U and V since the direction perpendicular to layer limits (generally vertical) is always taken as Z axis. In Such a case, only the extra diagonal terms K and K need to be calculated which can be obtained with the following mixed boundary conditions:
horizontal flows are computed with impermeable bottom and top faces, and linearly-varying preSSures on the Vertical faces parallel to flow direction; 7 Vertical flow is computed with all lateral faces being impermeable. Thus, a simplified permeability tensor is obtained from which the principal horizontal directions of flow U and V are easily derived:
The method has been Successfully validated against the already mentioned reference Single-phase flow computa tions performed with a conventional reservoir Simulator. The reference computations were obtained on fine regular grids discretizing the fractures as well as the matrix blocks of the parallelepipedic fractured rock Volume considered. For a given low direction, fixed injection preSSure and production preSSure were imposed on the inlet and outlet faces and the resulting flow rate was calculated with lateral no-flow con ditions.
Three steps were followed, to validate the computation of: the equivalent vertical permeability of a rock Volume crossed by a single fracture, the latter being represented by Several nodes corresponding to the interSections with Small disconnected fractures, equivalent horizontal permeabilities (in a 2D flow geometry) and the main flow directions; equivalent permeabilities and permeability anisotropy in a simple network involving 3D flow geometry.
The results obtained for the third step (for a 3D flow geometry) are given in the following table. Forth horizontal flow directions a reference analytical Solution can also be calculated Since the flow geometry is a 2D flow in these directions (3D flow geometry concerns the Z direction). In addition, the difference in the Vertical equivalent per meability values involving 3D flow remains acceptable. Hence, the anisotropy ratio, equal to 1.6, is Satisfactorily predicted by the method with a very limited number of cells.
The method according to the invention which provides easily transposed representation of a natural fracture network, is well adapted for fracture flow computations. It can also be useful for improving the original image of the fracture network. Such image is actually obtained form a Stochastic fracture generator using as input results of inte gration of filed fracturing data in a fracture characterization model as shown in the already cited patents FR-A-2,725, 814, 2,725,794 or 2,733,073 to the applicant. Such images once discretized with the procedure of the invention can be easily modified tofit with geological rules. For example Systematic interruption of a given fracture against another for all the couples of neighboring nodes, calculating transmissivity factors and Solving flow equations to determine the equivalent permeabilities of the medium in three orthogonal directions. 3. A method according to claim 1, wherein the equivalent permeability of the medium includes directly determining an equivalent permeability tensor and calibrating absolute val ues of permeability from well tests results.
4. A method according to claim 2 wherein Said geometri cal and physical attributes are co-ordinates and sizes of the rectangles and hydraulic conductivities of the fractures. The title page, should be deleted to be replaced with the attached title page.
Signed and Sealed this 
